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(57) ABSTRACT 
A suspension system for an automotive vehicle has a 
cylinder interposed between a sprang weight and an 
unsprung weight for each of wheels so as to control the 
supply or discharge of operating liquid to the cylinder 
independently and separately, thereby controlling the 
posture of the vehicle body. This suspension system 
allows a slow control over the posture of the vehicle 
body, for example, by lowering a control gain for the 
posture control when the vehicle body is jacked up in 
order to exchange tires, inspection of the vehicle body, 
etc., to a greater degree than when the vehicle is run 
ning at ordinary conditions. 

26 Claims, 9 Drawing Sheets 
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1. 

SUSPENSION SYSTEM FOR AUTOMOTIVE 
VEHICLE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to a suspension system 

for an automotive vehicle and, more particularly, to a 
suspension system for an automotive vehicle so adapted 
as to change suspension characteristics by supplying or 
discharging liquid to or from a cylinder particularly to 
control a jacked-up state of the automotive vehicle. 

2. Description of Related Art 
Heretofore, as disclosed in Japanese Patent Laid 

open (kokai) Publication No. 130,418/1988, for exam 
ple, a so-called active control suspension system (ACS 
system) is known, which is so designed as to be capable 
of changing the suspension characteristics by control 
ling an independent and separate supply or discharge of 
liquid to or from each of cylinders which are disposed 
between sprang weight and unsprung weight for each 
of the wheels and to each of which plural gas springs 
are connected. 
Such an ACS system generally controls the automo 

tive vehicle body so as to assume an equally high vehi 
cle height at each of all the four wheels. 

In this control, however, the following problems may 
arise when the vehicle body is jacked up, as in the case 
of mounting a chain to each of the wheels, while an 
ignition switch is kept turned on at the time of parking. 

In other words, when only one of the wheels is 
jacked up, the cylinder on the side of the wheeljacked 
up is caused to extend and the vehicle height at this 
wheel increases, while the vehicle height at the wheel 
on the opposite side is reduced. In this case, it is deter 
mined that the vehicle height on the side of the wheel 
jacked up is extending, so that the ACS system is al 
lowed to operate reducing a cylinder pressure so as to 
contract the vehicle height at the wheel jacked up, 
while increasing the cylinder pressure so as to expand 
the vehicle height at the opposite wheel. As a result, 
excessive load is caused to be rapidly imposed upon a 
jack, thereby giving undesirable feel in operating the 
jack. 

In order to solve this problem, it is proposed that the 
suspension control be suspended at the time of jacking 
up the wheel, as disclosed in Japanese Patent Publica 
tion (kokoku) No. 3,685/1989 and Japanese Patent 
Laid-open (kokai) Publication No. 289,417/1987). 

It is to be noted, however, that a stop of the suspen 
sion control at the time of jacking up the wheel may 
cause another problem. In other words, as the suspen 
sion control is executed in a state that an ignition switch 
is being turned on, there are occasions where an opera 
tor or passenger is still stayed in the vehicle compart 
ment even at the time of jacking the wheel up, when the 
ignition switch is turned on. In this case, if a suspension 
control would be suspended, a distribution of load var 
ies to a great extent when the operator or passenger gets 
out, and the vehicle body may be left in an undesirably 
lean posture. This is not desirable in jacking-up opera 
tion. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has the object to 
provide a suspension system for an automotive vehicle 
so adapted as to carry out jacking-up operation in a 
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2 
more desirable state by controlling a posture of the 
vehicle body by suspension control. 

In order to achieve the aforesaid object, the present 
invention is basically so arranged as to slowly control a 
posture of the vehicle body by the suspension control in 
carrying out jacking-up operation. A specific process 
for carrying out a slow control over the posture of the 
vehicle body may involve making a control gain in 
control over the posture of the vehicle body smaller at 
the time of jacking up the wheel than at ordinary con 
trol time. 

In accordance with the present invention, the control 
over the posture of the vehicle body is carried out 
slowly at the time of jacking up the wheel, so that a 
variation in load to be imposed upon the jack becomes 
slow even if only one of the wheels is jacked up, thereby 
avoiding undesirable feel during the jacking-up opera 
tion. It is to be noted as a matter of course that the 
control over the posture of the vehicle body is contin 
ued although slowly, so that even if the distribution of 
load upon the vehicle body would have been varied, the 
posture of the vehicle body can be retained in an appro 
priate position and this is preferred in carrying out the 
jacking-up operation. 

It is preferred to take measures, for example, by rais 
ing a minimum lower limit of an inner pressure within 
the cylinder, inhibiting a fail decision to be made on 
account of an excessively large stroke of the wheel, and 
so on. These measures are taken in anticipation of the 
fact that the wheel stroke becomes larger because the 
wheel stroke is made considerably larger at the time of 
jacking up the wheel than at the time of ordinary run 
ning. The elevation of the minimum lower limit of the 
inner pressure within the cylinder can prevent the vehi 
cle height of the wheel involved from being made too 
large and the wheel is prevented from rebounding to an 
excessive extent. 
Other objects, features and advantages of the present 

invention will - become apparent in the course of the 
description of the preferred embodiments, which fol 
lows, with reference to the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagrammatic representation of a whole 

layout of the suspension system according to the present 
invention. 

FIG. 2 is a circuit view showing a hydraulic pressure 
circuit according to the suspension system of the pres 
ent invention. 
FIGS. 3A and 3B are control block diagrams show 

ing control for varying the suspension characteristics of 
the suspension system by a controller. 
FIG. 4 is a flowchart showing control over an active 

suspension control by the controller at the time of jack 
ing up the vehicle body. 
FIGS. 5 to 8 are flowcharts showing other processes 

for determining a jacked-up state of the vechicle body. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The present invention will be described more in detail 
with reference to the accompanying drawing. 

Referring to FIG. 1, reference numeral 1 stands for 
an automotive vehicle body, reference numeral 2F for a 
front wheel, and reference numeral 2R for a rear wheel. 
Between the vehicle body 1 as sprang weight and each 
of the front wheel 2F and the rear wheel 2R as un 
sprung weight is interposed a liquid cylinder 3. Each of 
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the liquid cylinders 3 is divided into or defined by a 
liquid pressure chamber 3c by a piston 3b inserted into a 
cylinder body 3a. An upper end portion of a connecting 
rod 3d connected to the piston 3b is connected to the 
automotive vehicle body 1 and the cylinder body 3a is 
connected to each of the front wheels 2F and the rear 
wheels 2R. More specifically, the inside of the cylinder 
body 3a constitutes substantially one liquid pressure 
chamber 3c regardless of the disposition of the piston 
3b. In other words, the liquid pressure chamber 3c com 
prises an upper liquid pressure chamber section located 
above the piston 3b and a lower liquid pressure chamber 
section located underneath the piston 3b, and both of 
the two liquid pressure chamber sections are always 
communicated with each other through a communica 
tion hole or a cut-off portion formed on the piston 3b. 
To the liquid pressure chamber 3c of each of the 

liquid cylinders 3 is connected through a communica 
tion passage 4 a gas spring 5 which in turn is divided 
into a gas chamber 5f and a liquid pressure chamber 5g 
by a diaphragm 5e and the liquid pressure chamber 5g is 
communicated with the liquid pressure chamber 3c of 
each of the liquid cylinders 3. o 
As shown in FIG. 2, reference numeral 8 denotes a 

hydraulic pressure pump 8 which is communicated with 
each of the liquid cylinders 3 through a liquid pressure 
passage 10 as a high pressure line, and reference nu 
meral 9 denotes a flow rate control valve which is 
mounted to the liquid pressure passage 10 and which 
has the function of adjusting an inner pressure, i.e. the 
liquid pressure within the liquid pressure chamber 3c, 
by supplying or discharging the liquid to or from each 
of liquid cylinders 3. 
As further shown in FIG. 2, reference nuneral 12 

stands for a main pressure sensor for sensing the pres 
sure for discharging the liquid of the hydraulic pressure 
pump 8, i.e. the pressure of the liquid accumulated in 
each of accumulators 22a and 22b, as will be described 
hereinafter in more detail, reference numeral 13 for a 
cylinder pressure sensor for sensing the liquid pressure 
of the liquid pressure chamber 3c of each of the liquid 
cylinders 3, reference numeral 14 for a vehicle height 
sensor for sensing a vehicle height, i.e. a cylinder stroke 
of slide, for each of the front wheels 2F and the rear 
wheels 2R, reference numeral 15 for a vertical accelera 
tion sensor for sensing vertical acceleration of the auto 
motive vehicle, i.e. sprang acceleration of the front 
wheels 2F and the rear wheels 2R. Reference numeral 
16 for a vehicle speed sensor for sensing a vehicle speed 
of the automotive vehicle, reference numeral 17 for an 
ignition switch, and reference numeral 18 for a parking 
switch. The signals sensed by these sensors and the shift 
signals outputted from these switches are inputted into 
a controller 19 composed of a microcomputer having a 
CPU, etc., and they are employed for controlling 
changes of suspension characteristics. 
FIG. 2 shows a hydraulic pressure circuit for control 

ling a supply or discharge of the liquid to or from the 
the liquid cylinders 3. As shown in FIG. 2, the hydrau 
lic pressure pump 8 comprises a swash plate type piston 
pump of a variable volume type and it is connected in 
two rows to a hydraulic pressure pump 21 for power 
steering unit drivable by a driving source 20. With the 
liquid pressure passage 10 connected to the hydraulic 
pressure pump 8 are communicated three accumulators 
22a, 22a and 22a at identical sites at which the liquid 
pressure passage 10 is in turn branched into a front 
wheel liquid pressure passage 10F and a rear wheel 
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4. 
liquid pressure 10R. The front wheel liquid pressure 
passage 10F is further branched into a left-hand front 
wheel liquid pressure passage 10FL and a right-hand 
front wheel liquid pressure 10FR. The front wheel 
liquid pressure passage 10FL is communicated with the 
liquid pressure chamber 3c of a left-hand liquid cylinder 
3FL of the respective wheel while the right-hand front 
wheel liquid pressure passage 10FR is communicated 
with the liquid pressure chamber 3c of a right-hand 
liquid cylinder 3FR of the respective wheel. On the 
other hand, the rear wheel liquid pressure passage 10R 
is communicated with one accumulator 22b and it is 
divided into a left-hand rear wheel liquid pressure 10RL 
and a right-hand rear wheel liquid pressure 10RR on the 
downstream side of the accumulator 22b. The left-hand 
rear wheel liquid pressure passage 10RL is communi 
cated with the liquid pressure chamber 3c of the left 
hand rear liquid cylinder 3RL of the respective wheel 
while the right-hand rear wheel liquid pressure passage 
10RR is communicated with the liquid pressure cham 
ber 3c of the right-hand rear liquid pressure passage 
3RR thereof. 
Each of the liquid cylinder 3FL, 3FR, 3RL and 3RR 

is connected to a plurality of gas springs 5FL, 5FR, 
5RL and 5RR, respectively. For each of the gas springs 
5FL, 5FR, SRR and 5RL, in this embodiment, there are 
provided four of the gas springs 5a, 5b, 5c and 5d, i.e. 
first gas spring 5a, second gas spring 5b, third gas spring 
5c, and fourth gas spring 5d, for example, which are 
disposed in parallel to each other and communicated 
with the liquid pressure chamber 3c of the respective 
liquid cylinder 3 through the communication passage 4. 
Each of the gas springs 5a, 5b, 5c and 5d are provided 
with an orifice 25 at its branch portion of the communi 
cation passage 4, and the orifice 25 is so disposed as to 
exhibit both its damping action and buffer action in 
association with gas filled in the gas chamber 5f. The 
communication passage 4 is provided in a position be 
tween the first gas spring 5a and the second gas spring 
5b with a damping-force shifting valve 26 for adjusting 
a passage area of the communication passage 4 and the 
damping-force shifting valve 26 is so arranged as to 
assume two positions, an open position in which the 
communication passage 4 is opened and a closed posi 
tion in which the passage area of the communication 
passage 4 is restricted to a remarkable extent. 
To the liquid pressure passage 10 are connected an 

unload valve 27 and a flow a rate control valve 28 on 
the upstream side of the accumulator 22a. The unload 
valve 27 is so arranged as to assume a supply position 
and a discharge position. More specifically, when the 
unload valve 27 assumes its supply position, on the one 
hand, the amount of the liquid to be discharged from the 
hydraulic pressure pump 8 is reduced by introducing 
the pressure liquid to be discharged from the hydraulic 
pressure pump 8 into a swash-plate operating cylinder 
8a of the hydraulic pressure pump 8. When the unload 
valve 27 assumes its closed position, on the other hand, 
the pressure liquid within the cylinder 8a is discharged. 
And the unload valve 27 is further so arranged as to 
shift its position from the discharge position to the sup 
ply position when the pressure at which the liquid is 
discharged from the hydraulic pressure pump 8 exceeds 
a predetermined upper limit discharge liquid pressure, 
i.e. 160- 10 kgf/cm2, and then as to maintain its state 
until the liquid pressure reaches a predetermined lower 
limit discharge liquid pressure, e.g. 120-10 kgf/cm2, or 
lower. In other words, the unload valve 27 exhibits the 
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function of controlling the discharge liquid pressure of 
the hydraulic pressure pump 8 within a predetermined 
range from 120 kgf/cm2 to 160 kgf/cm2. The flow rate 
control valve 28 is so arranged as to assume both of a 
supply position in which the pressure oil is introduced 
from the hydraulic pressure pump 8 to the swash-plate 
operating cylinder 8a through the unload valve 27, and 
a discharge position in which the pressure oil within the 
cylinder 8a is discharged from the unload valve 27 to a 
reserve tank 29. This flow rate control valve 28 func 
tions as controlling the amount of the liquid discharged 
from the hydraulic pressure pump 8 to a constant level 
by constantly retaining the differential pressure be 
tween the upstream side and the downstream side at the 
portion where a restrictor 30 for the liquid pressure 
passage 10 is disposed, when the liquid discharge pres 
sure of the hydraulic pressure pump 8 is retained within 
the predetermined range by the unload valve 27. Hence, 
the liquid is supplied as a main pressure to each of the 
liquid cylinders 3 by accumulating the liquid for the 
accumulators 22a and 22b. 
Four of the flow rate control valves 9 are disposed on 

the downstrean side of the accumulator 22a of the 
liquid pressure passage 10 so as to correspond to the 
four wheels, respectively. It is noted herein that, since 
the construction of the portion corresponding to each of 
the wheels is identical to each other, only the left-hand 
front wheels are described while description of the 
other will be omitted. The flow rate control valve 9 
comprises an inflow valve 35 disposed on the left-hand 
liquid pressure passage 10FL of the liquid pressure 
passage 10, and a discharge valve 37 disposed on a low 
pressure line 36 for discharging the liquid or oil from 
the left-hand liquid pressure passage 10FL to the re 
serve tank 29. Each of the inflow valve 35 and the dis 
charge valve 37 is so arranged as to assume two posi 
tions, i.e. an open position and a closed position, and has 
a differential pressure valve built therein in order to 
retain the liquid pressure at its open position at a prede 
termined value. 
On the left-hand liquid pressure passage 10FL ex 

tending between the inflow valve 35 and the left-hand 
front liquid cylinder 3FL, there is disposed a check 
valve 38 of a type operative in response to pilot pres 
sure. The check valve 38 is so disposed as to be closed 
when the pilot pressure reaches 40 kgf/cm2 or lower by 
introducing the oil pressure, i.e. main pressure, as a pilot 
pressure, within the liquid pressure passage 10 on the 
upstream side of the inflow valve 35 of the inflow rate 
control valve 9 through a pilot line 39. In other words, 
only when the main pressure is higher than 40 kgf/cm2, 
the pressure oil can be supplied to the liquid cylinder 3 
as well as the liquid or oil within the liquid cylinder 3 
can be discharged. 
As shown in FIG. 2, reference numeral 41 denotes a 

fail safe valve so disposed on the communication pas 
sage 42 communicating the liquid pressure passage 10 
on the downstream side of the accumulator 22a with the 
low pressure line 36 as to function as releasing a high 
pressure state by returning the oil accumlated in the 
accumulators 22a and 22b to the reserve tank 29 by 
shifting to its open position at the time of an incident. 
Reference numeral 43 denotes a restrictor so disposed 
on the pilot line 39 as to have the function of delaying 
the closing of the check valve 38 at the time when the 
fail safe valve 41 is operated to open. Further, reference 
numeral 44 denotes a relief valve capable of returning 
the liquid or oil to the low pressure line 36 by operating 
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6 
to open when the oil pressure of the liquid pressure 
chamber 3c of each of the left-hand front liquid cylinder 
3FL and the right-hand front liquid cylinder 3FR is 
raised to an abnormally high level. Reference numeral 
45 denotes a return accumulator so connected to the 
low pressure line 36 as to perform the action of accum 
lating the liquid or oil when the liquid or oil is dis 
charged from the liquid chamber 3. 

Description will be made of control over a variation 
in the suspension characteristics by the controller 19 by 
supplying or discharding the liquid to or from each of 
the liquid cylinders 3 with reference to FIGS. 3A and 
3B. 
As shown in FIGS. 3A and 3B, the supply or dis 

charge of the liquid to or from liquid cylinders 3 is 
carried out by a control system. A for controlling the 
vehicle height to a target vehicle height, a control sys 
tem B for suppressing a speed of displacing the vehicle 
height, a control system C for reducing vibration in the 
vehicle direction of the vehicle body, and a control 
system D for suppressing a wrap of the vehicle body. 
The control system A is so arranged as to control the 
vechile height of the vehicle body to the target the 
vehicle height on the basis of signals indicative of dis 
placement of the vehicle height, XFR, XFL, XRR and 
XRL, detected by the vehicle height sensor 14 of each 
of the wheels and the control system B is so arranged as 
to suppress the speed of displacing the vehicle height on 
the bisis of signals indicative of speeds of displacement 
of the vehicle height, or vehicle height displacement 
speeds YFR, YFL, YRR and YRL, obtainable by differ 
entiating the signals indicative of displacement of the 
vehicle height, XFR, XFL, XRR and XRL. The con 
trol system C is so arranged as to reduce the vertical 
vibration of the vehicle body on the basis of signals 
indicative of vertical acceleration, GFR, GFL, and GR, 
detected by three of the vertical acceleration sensors 15. 
The control system D is so arranged as to suppress the 
wrap of the vehicle body operating signals indicative of 
pressure, PFR., PFL, PRR and PRL, detected by the 
liquid pressure sensor 13 disposed at each of the wheels. 

In the control system A, reference numeral 50 de 
notes a bounce component operating section for operat 
ing a bounce component of the vehicle body by adding 
the sum of outputs XFR and XFL from the vehicle 
height sensors 14 on the side of the right-hand and left 
hand front wheels 2F and the sum of outputs XRR and 
XRL from the vehicle height sensors 14 on the side of 
the right-hand and left-hand rear wheels 2R, and refer 
ence numeral 51 denotes a pitch component operating 
section for operating a pitch component of the vehicle 
body by subtracting the sum of the outputs XRR and 
XRL on the side of the right-hand and left-hand rear 
wheels 2R from the sum of the outputs XFR and XFL 
on the side of the right-hand and left-hand front wheels 
2F. Further, reference numeral 52 denotes a roll con 
ponent operating section for operating a roll component 
of the vehicle body by adding the difference XFR-XFL 
between the outputs XFR and XFL on the side of the 
right-hand and left-hand front wheels 2F and the differ 
ence XRR-XRL between the outputs XRR and XRL 
on the side of the right-hand and left-hand rear wheels 
2R. 

Furthermore, reference numeral 53 denotes a bounce 
control section for operating an amount of the liquid or 
oil to be supplied to liquid cylinder of each of the 
wheels for controlling the bounce component of the 
vehicle body, on the basis of a gain value KB1 obtain 
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able by inputting the bounce component operated by 
the bounce component operating section 50 and a target 
average vehicle height TH. Reference numeral 54 de 
notes a pitch control section for operating an amount of 
the liquid or oil to be supplied to liquid cylinder of each 
of the wheels for controlling the pitch component of the 
vehicle body, on the basis of a gain valve KB2 obtain 
able by inputting the pitch component operated by the 
pitch component operating section 51. Reference nu 
neral 55 denotes a roll control section by inputting the 
roll component operated by the roll component operat 
ing section 52 and a target roll displacement amount TR 
and by operating an amount of the liquid or oil to be 
supplied to liquid cylinder of each of the wheels so as to 
allow the vehicle height to correspond to the target roll 
displacement amount TR on the basis of gain values 
KRF1 and KRR1. 
Each of control amounts operated by the bounce 

control section 53, the pitch control section 54 and the 
roil control section 55 is processed by reversing its plus 
and minus for each of the wheels. In other words, the 
plus and minus of the signals indicative of the vehicle 
height displacement, XFR, XFL, XRR and XRL, de 
tected by the vehicle height sensors 14 are reversed. 
Then, the bounce control amount, the pitch control 
amount ant the roll control amount for each wheel are 
added to give flow rate signals QFR1, QFL1, QRR1 
and QRL1 for each of the flow rate valves 9 of the 
respective wheels. 

It is to be noted herein that an insensitive unit is dis 
posed between each of the vehicle height sensors 14 and 
elements 40, 41 and 42, thereby permitting the vehicle 
height displacement signals, XFR, XFL, XRR and 
XRL, to be outputted to the bounce component operat 
ing section 50, the pitch component operating section 
51 and the roll component operating section 52, only 
when the vehicle height displacement signals XFR, 
XFL, XRR and XRL from each of the vehicle height 
sensors 14 surpasses an insensitive zone XH. 
The control system B has four of differentiators 56 

for differentiating each of the vehicle height displace 
ment signals XFR, XFL, XRR and XRL inputted from 
the vehicle height sensors 14 and operating the vehicle 
height displacement-speed signals YFR, YFL, YRR 
and YRL by the following formula: 

where 
X is an amount of displacement of the vehicle height 

at the time point t; 
X-1 is an amount of displacement of the vehicle 

height at the time t-1; and 
T is a sampling time. 
In the control system B, reference numeral 57a de 

notes a pitch component operating section for operating 
the pitch component of the vehicle body by subtracting 
the sum of the vehicle height displacement speed signals 
YRR and YRL on the side of the right-hand and left 
hand rear wheels 2R from the sum of the vehicle-height 
displacement-speed signals YFL and YFR on the side of 
the left-hand and right-hand front wheels 2F, and refer 
ence numerals 57b denotes a roll component operating 
section for operating the roll components of the vehicle 
body by adding the difference YFR-YFL between the 
vehicle-height displacement-speed signals YFL and 
YFR on the side of the left-hand and right-hand front 
wheels 2F to the difference YRR-YRL between the 
vehicle height displacement speed signals YRR and 
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8 
YRL on the side of the right-hand and left-hand rear 
wheels 2R. 
The pitch component calculated by the pitch compo 

nent operating section 57a is inputted into a pitch con 
trol section 58 and a flow rate control amount for each 
of proportional flow rate control valves 9 for control 
ling the pitch is operated on the basis of again Kp2. On 
the other hand, the roll component calculated by the 
roll component operating section 57 b is inputted into a 
roll control section 59 and a flow rate control amount 
for each of the proportional flow rate control valves 9 
for controlling the roll component is operated on the 
basis of gains KRF2 and KRR2. Each of the control 
amounts operated by the pitch control sections 58 and 
the roll control sections 59 is processed such that its plus 
and minus of the control amount for each of the wheels 
are reversed to its opposite sign. In other words, the 
plus and minus of each of the vehicle height displace 
ment speed signals YFR, YFLYRR and YRL operated 
by each of the differentiators 56 are reversed to its op 
posite sign. Thereafter, the pitch control amount and 
the roll control amount for each wheel are added to 
give flow rate signals QFR2, QFL2, QRR2 and QRL2 
to each of the proportional flow rate control valves 9 
for the respective wheels in the control system B. 

In the control system C, reference numeral 60 stands 
for a bounce component operating section for operating 
a bounce control of the the vehicle body by adding 
outputs GFR, GFL and GR of the respective vertical 
acceleration sensors 15, and reference numeral 61 stands 
for a pitch component operating section for operating a 
pitch component of the vehicle body by subtracting an 
output GR of the vehicle acceleration sensor 15 dis 
posed in a transversely center portion between the left 
hand and right-hand rear wheels 2R from a half of the 
sum of outputs of the vertical acceleration sensors 15 
and 15 mounted over the right-hand and left-hand front 
wheels 2F, i.e. (GFR--GFL)/2. Reference numeral 62 
denotes a roll component operating section for operat 
ing a roll component of the vehicle body by subtracting 
the output GFL of the vertical acceleration 15 on the 
side of the left-hand front wheel from the output GFR 
of the vertical acceleration 15 on the right-hand front 
wheel. Reference numeral 63 denotes a bounce control 
section for operating a control amount of the liquid to 
each of the proportional flow rate control valves 9 in 
the pitch control on the basis of again KB3 by inputting 
an operation value of the bounce component operated 
by the bounce component operating section 60, and 
reference numeral 64 denotes a pitch control section for 
operating a control amount of the liquid to each of the 
proportional flow rate control valves 9 for controlling 
the pitching on the basis of a gain KP3 by inputting an 
operation value of the pitch component operated by the 
pitch componet operating section 61. Further, reference 
numeral 65 denotes a roll control section for operating 
a control amount of the liquid to each of the porpor 
tional flow rate control valves 9 for the roll control, on 
the basis of gains KRF3 and KRR3 by inputting an 
operation value of the pitch component operated by the 
roll component operating section 62. 
The plus and minus of the control amounts a operated 

and calculated by the bounce control section 63, the 
65 pitch control section 64 and the roll control section 65 

are reversed for each of the wheels to their opposite 
signs and thereafter each of the bounce, pitch and roll 
control amounts is added together for each wheel, 
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thereby giving flow rate signals QFR3, QFL3, QRR3 
and QRL3 to each of proportional flow rate control 
valves 9 for the respective wheels to be outputted from 
the control system C. 

It is noted herein that an insensitive unit 90 is pro 
vided between each of the vertical acceleration sensors 
15 and the bounce component operating section 60, the 
pitch component operating section 61 and the roll com 
ponent operating section 62 so as to generate the verti 
cal acceleration signals GFR, GFL and GR to the 
bounce component operating section 60, the pitch com 
ponent operating section 61 and the roll component 
operating section 62, respectively, only when the verti 
cal acceleration signals GFR, GFL and GR outputted 
from the respective vertical acceleration sensors 15 
surpasses such a preset insenitive zone XG. 

In the control system D, reference numeral 70 stands 
for a warp control section having a front wheel liquid 
pressure ratio operating section 70a and a rear wheel 
liquid pressure ratio operating section 70b. The front 
wheel liquid pressure ratio operating section 70a of the 
warp control section 70 is so arranged as to operate a 
ratio in liquid pressure of the difference, PFR-PFL, to 
the Sur, PFR--PFL, i.e. 
Pf=(PFR-PFL)/(PFR--PFL), on the basis of signals, 
PFL and PFR, indicative of liquid pressures, inputted 
from the liquid pressure sensors of the respective liquid 
cylinder 3 on the side of the left-hand and right-hand 

10 

15 

20 

25 

Control Gain 

KBl 
KP 
KRF1 
KRR 
KP2 
KRF2 
KRR2 
KB3 
KP3 
KRF3 

TR 
QMAX 
PMAX 
PMIN 

10 
sors 13 and 13 of the respective liquid cylinders 3 on the 
side of the right-hand and left-hand rear wheels 2R. 
Then, the warp control section 70 increases the liquid 

pressure ratio Pr on the rear wheel side by predeter 
mined times on the basis of a gain coF and thereafter 
substracts the resulting product from the liquid pressure 
ratio Pf on the front wheel side. The output from this 
warp control section 70 is multiplied by a gain coA and 
thereafter multiplied by a gain coC on the front wheel 
side. Further, the control amount of the liquid to be 
supplied to each wheel is processed in such a manner 
that its plus and minus signs are reversed so as to allow 
their signs to become opposite between the left-hand 
and right-hand wheels, thereby giving flow rate signals 
QFR4, QFL4, QRR4 and QRL4 to the respective pro 
portional flow rate control valves 9. 
The resulting flow rate signals to each of the propor 

tional flow rate control valves 9 in the control systems 
A, B, C and D are then added to each other for each 
wheel, thereby finally yielding a total flow rate signals 
QFR, QFL, QRR and QRL to each of the proportional 
flow rate control valves 9 in the control system D. 
The following table indicates an example of a map for 

control gains prestored in the controller 19 so as to be 
employed in each of the control systems A, B, C and D. 
As is apparent from the table below, seven of modes are 
set in accordance with a running state of the automotive 
vehicle. 

Mode 
l 2 3 4 5 6 7 Unit 

0.02 4am- w Kr m a- H- L/mm 

0.04 - w e-m 4. Hr- - L/mm 
0.04 an -- H H- Ha H L/min 

C 0.05 0 O O O O LM(Inn/sec) 
O O O 0.03 0.05 0.07 0.03 L/(minsec) 
0 O O 0.03 0.05 0.07 0.03 L/(ninsec) 
5 20 0 12 15 15 12 LAG 
5 20 10 12 15 5 2 L/G 
5 15 5 20 30 40 20 L/G 
5 15 20 30 40 20 L/G 

250 4- - - 350 - 250 --- 
ar 4- a- 1.2 a- l w 

0.5 H 4. --- w wm- - - 

d -- H am 4- a- -m- 

5 -- m 5 a- l n 

0.05 0. -- H -- -H - G 

O ear d arm d - 

O er ar ar 5 3 10 

5 18 u- - d -. -- L 

110 4- - - -- - kgf/cm 
30 - dare d m - kgf/cm 

L = liter/minute 

front wheels 2F. Further, this front wheel liquid pres 
sure ratio operating section 70a is so constructed as to 
generate the resulting liquid pressure ratio Pf, as it is, 
when the liquid pressure ratio Pf has the following 
relationship with a threshold liquid pressure ratio oL: 
-107 L <Pf(-- co, and as to generate the threshold 
liquid pressure ratio, i.e. -aol or +coL, when the liquid 
pressure ratio Pfhas the following relationship with the 
threshold liquid pressure ratio col: Pf{-coL or 
Pf> --coL, respectively. On the other hand, the rear 
wheel liquid pressure ratio operating section 70b of the 
warp control section 70 is to operate a ratio in liquid 
pressure of the difference, PRR-PRL, to the sum, 
PRR--PRL, i.e. Pr=(PRR-PRL)/(PRR--PRL), on 
the basis of the signals, PRR and PRL, indicative of 
liquid pressures, inputted from the liquid pressure sen 

55 

65 

In the above table, mode 1 indicates a value of each 
control gain during 60 seconds after stop of the engine, 
and mode 2 indicates a value of each control gain in 
such a state that, although an ignition switch is turned 
on, the vehicle is stopped and the vehicle speed is zero. 
Mode 3 indicates indicates a value of each control gain 
in a state in which the vehicle is running straight at 
lateral acceleration Gs as low as 0.1 or less. Mode 4 
indicates a value of each control gain in such a state that 
the vehicle is cornering slowly at lateral acceleration 
Gs which exceeds 0.1 yet as high as 0.3 or less. Mode 5 
indicates a value of each control gain in a state in which 
the vehicle is cornering to a medium extent at lateral 
acceleration as low as 0.3 yet as high as 0.5 or less. 
Mode 6 indicates a value of each control gain in such a 
state that the vehicle is cornering rapidly at lateral ac 
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celeration exceeding 0.5. Further, mode 7 indicates a 
value of each control gain to be selected in place of 
mode 4 in such a state that the vehicle is cornering 
slowly at lateral acceleration Gs of the vehicle as low as 
0.1 yet as high as 0.3 or less, when a reverse roll mode 
is selected by a roll mode selecting switch (not shown). 
And the mode 7 is automatically shifted to mode 4 when 
the vehicle speed reaches 120 km per hour or higher, 
even if the reverse roll mode would be selected. 

In the table above, reference symbol Qmax indicates 
a maximum flow rate control amount to be supplied to 
the proportional flow rate control valve 9 for each 
wheel, and Pmax indicates a maximum pressure within 
the liquid pressure chamber 3c of the liquid cylinder 3, 
which is so set as to cause no liquid to flow backwards 
into the accumulators 22 from the liquid pressure cham 
ber 3c of the liquid cylinder 3. Reference symbol Pmin 
indicates a minimum pressure within the liquid pressure 
chamber 3c of the liquid cylinder 3, which is so set as to 
cause the gas spring 5 no damage by decreasing the 
pressure within the liquid pressure chamber 3c of the 
liquid cylinder 3 to an excessive extent and stretching 
the gas spring 5 to its full length. Further, the arrow 
signs in the table above indicate that the control gains 
are set by the same values as those pointed by them. In 
the table above, too, each of the control gains is so set as 
to perform suspension control with more attention paid 
to running stability as the mode number gets greater, 
except mode 7. 

FIG. 4 shows active suspension control to be per 
formed by the controller 19 during occurrence of a 
jack-up phenomenon by supplying or discharging the 
liquid to or from each of the liquid cylinders 3. 

In this active suspension control, first, a decision is 
made at step S1 to determine if the ignition switch 17 is 
shifted to its ON state on the basis of a shift signals of 
the ignition switch 17, followed by proceeding to step 
S2 at which a decision is further made to determine if 
the current vehicle speed of the vehicle is zero on the 
basis of the signal detected by the vehicle speed sensor 
16. When it is decided at step S1 that the ignition switch 
17 is turned on and at step S2 that the current vehicle 
speed is zero, or when it is decided at steps S1 and S2 
that the vehicle is in a parking state although the engine 
is operating, then the program flow goes to step S3 at 
which a decision is made to determine if the time is 
counted up until a given time period has been elapsed. 
When it is decided at step S3 that the given time period 
has been elapsed, then the program flow goes to step S4 
at which the signals detected by the vehicle height 
sensors 14 for all four wheels, or a current vehicle 
height X0, are inputted. Then, at step S5, a decision is 
made to determine if the wheels X1, X2, X3 and X4 are 
continuously changing from the current vehicle height 
X0 in the negative direction, i.e. in the rebounding di 
rection. In other words, it is decided to determine 
whether or not a stroke of the liquid cylinder 3 is con 
tinuously changing in the direction in which it expands. 

. The steps S1 to S5 and the vehicle speed sensor 16 and 
the vehicle height sensors 14 to be employed for deci 
sions at the steps S1 to S5 constitutes jacked-up state 
detecting means 91 for detecting a jacked-up state of the 
vehicle body. 

It is also noted that, at step S3, a decision may be 
made to determine if the parking switch 18 is turned on 
on the basis of a switch signal of the parking switch 18, 
in place of the time being counted up, followed by 
proceeding to step S4 when the parking switch 18 is 

10 

15 

20 

25 

30 

35 

40 

45 

SO 

55 

65 

12 
turned on. Further, at step S5, a decision may be made 
to determine if each of the wheels P1 to P4 is changed 
from a current cylinder pressure P0 in the negative 
direction or in the direction of decreasing the pressure 
by a predetermined value or higher, in place of decision 
being made to determine if each of the wheels X1 to X4 
is continuously changing from the current vehicle 
height X0 in the negative direction or in the rebounding 
direction. 
When the decisions at all steps S1, S2 and S5 are in 

the affirmative, that is, when the vehicle body is jacked 
up while it is parking and a stroke of the liquid cylinder 
3 of either one of the wheels is changing in the extend 
ing direction continuously or by the predetermined 
value or larger, then the program flow goes to step S6 
at which the wheel Xc jacked up is stored. Then, at step 
S7, a fail decision as to whether the supply valve 35 is 
fixed to its open position (FIG. 2) is suspended, fol 
lowed by proceeding to step S8 at which the minimum 
pressure Pmin within the liquid pressure chamber 3 of 
the liquid cylinder 3 is changed to 60 kgf/cm2 from the 
value (30 kgf/cm2) as shown in a map of the control 
gains in the table above. Then, at step S9, the control 
gains KB1 and KP1 of the control system. A for control 
ling the vehicle height are changed to 0.01 and the 
control gains KRF1 and KRR1 for controlling the vehi 
cle height are changed to 0.02, while the control gains 
A in the control system D for suppressing the warp of 

the vehicle body is changed to 150. In other words, 
these control gains are changed in the direction of de 
creasing. The steps S7 to S9 constitute mode changing 
means 92 for changing control over the supplying or 
discharging of the liquid to or from each of the liquid 
cylinders 3 from its ordinary control mode to its jack-up 
mode when the vehicle body is jacked up. It is noted 
herein that the fail decision is to selectively execute a 
mode for suspending the control by maintaining the 
current vehicle height of the vehicle body, a mode for 
decreasing the vehicle height by discharging the liquid 
within the liquid cylinder 3 or other modes, accordance 
with a degree of the incident, while detecting an inci 
dent of instrument in the system for supplying or dis 
charging the liquid, such as sensors and valves. 

Thereafter, at step S10, a decision is made to deter 
mine if the wheel Xc jacked up has reached the current 
vehicle height X0. When the result of decision at step 
S10 indicates that the wheel Xc jacked up did not yet 
reach the current vehicle height X0, then the flow is 
returned. 
When either of the decision at step S1, S2 or S5 is in 

the negative, then the program flow goes to step S11 at 
which ordinary active suspension control is performed 
on the basis of a map of the control gains. When the 
result of decision at step S10 indicates that the wheel Xc 
jacked up has reached the current vehicle height X0, 
then the program flow goes to step S11 at which ordi 
nary active suspension control is carried out. 
When the vehicle body is jacked up, the jacked-up 

state detecting means 91 detects its jacked-up state and 
the mode changing means 92 changes the control over 
the supply or discharge of the liquid to the liquid cylin 
der 3 from the ordinary control mode to the jack-up 
mode for appropriately dealing with the jacked-up state 
of the vehicle body. In other words, as the fail decision 
as to fixing the supply valve 35 to its open position is 
suspended, i.e. a decision being made as fail when there 
is detected the state in which the vehicle height keeps 
extending regardless of control over the discharge of 
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the liquid, the mode for decreasing the vehicle height 
by discharging the liquid within the liquid cylinder 3, is 
beforehand prevented from being selected by the fail 
decision. Also, as the minimum pressure Pnin within 
the liquid pressure chamber 3c of the liquid cylinder 3 is 
elevated to a higher extent when the vehicle body is 
jacked up than when ordinary active suspension control 
is performed, a temporary decrease in the vehicle height 
is prevented when a jack is removed. Further, since the 
control gains KB1, KP1, KRR1 and KRF1 as well as 
oA are changed to smaller values when the vehicle 
body is jacked up than when ordinary active suspension 
control is performed, a rapid change in the vehicle 
height and the pressure by the active suspension control 
is prevented. Furthermore, sensitivity to stability in 
posture of the vehicle body is decreased, so that an 
increase in operating force and damages of the jack can 
be prevented, while operation of jacking up the vehicle 
body can be performed with ease. 
Although the present invention is not restricted to the 

embodiments as described hereinabove, it is to be un 
derstood as a matter of course that various changes and 
modifications are contained within the scope and spirit 
of the present invention. In this embodiment, as de 
scibed hereinabove, the jacked-up state detecting means 
91 for detecting the jacked-up state of the vehicle body 
is so constructed as to determine the jacked-up state 
when the ignition switch 17 is turned on yet the vehicle 
speed is zero and the stroke of the liquid cylinder 3 is 
extending continuously or by the predetermined value 
or more. Alternatively, the jacked-up state may be de 
tected directly by a manual switch, a switch for detect 
ing mounting or detachment of a jack, a jack-up switch 
for detecting the mounting of the jack, or the like, or 
indirectly by a decrease in liquid pressure of the liquid 
cylinder 3 to be caused by load imposed upon each of 
the wheels due to the jacking-up operation of the vehi 
cle body. 
FIGS. 5 to 8 show other procedures for determining 

the jacked-up state of the vehicle body. 
As shown in FIG. 5, steps 21 and 22 correspond to 

steps 1 and 2 in FIG. 4 while steps 24 and 25 correspond 
to steps 4 and 5 therein, respectively. And decision at 
step S23 in FIG. 5 is made in place of step S3 in FIG. 4. 
In other words, decision at step S23 is made to deter 
mine if a parking brake switch is turned on or a parking 
brake is operating and, when the result of this decision 
indicates that the parking brake switch is turned on, the 
jacked-up state is determined at step S26. 

In the flowchart of FIG. 6, steps S31 to S33 corre 
spond to steps 1 to 3 in FIG. 4, respectively. At step 
S34, the inner pressure within each of the liquid cylin 
ders 3 is detected, followed by step S35 at which a 
decision is made to determine if the inner pressure de 
tected is continuously decreasing and step S36 at which 
the jacked-up state is determined when the result of 
decision at step S35 indicates that the inner pressure is 
continuously decreasing. 
The flowchart in FIG. 7 is the same as in FIG. 6 

except for using step S43 in place of step S33 of FIG. 6. 
Further, as shown in FIG. 8, the jacked-up state is 

determined when the parking switch is turned on by the 
result of decision at step S51 and when the vehicle 
speed is zero by the result of decision at step S52. Fur 
ther, in FIG. 8, a condition as to whether the ignition 
switch is turned on can be further added to the condi 
tion for decision to determine the jacked-up state of the 
vehicle body, as shown in FIGS. 4 to 7, inclusive. 
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The present invention may be embodied in other 

specific forms without departing from the spirit and 
scope thereof. The present embodiments as described 
hereinabove are therefore to be considered in all re 
spects as illustrative and not restrictive, the scope of the 
invention being indicated by the appended claims, and 
all the changes, modifications and variations which 
come within the meaning and range of equivalency of 
the claims are therefore intended to be encompassed 
within the spirit and scope of the invention. 
What is claimed is: 
1. A suspension system for an automotive vehicle, 

comprising: 
a cylinder interposed between a sprang weight and an 
unsprung weight for each of a plurality of wheels; 

supply and discharge means for supplying and dis 
charging an operating liquid to the cylinder; 

posture control means for carrying out control over a 
posture of a vehicle body by controlling the supply 
and discharge means on the basis of a predeter 
mined condition; 

jacked-up state detecting means for detecting a 
jacked-up state of the vehicle body; and 

control mode changing means for changing control 
by the posture control means from an ordinary 
control mode to a jack-up mode when the jacked 
up state is detected by the jacked-up state detecting 
means; 

wherein the jack-up mode is so set as to carry out 
control by the posture control means more slowly 
than the ordinary control mode. 

2. A suspension system as claimed in claim 1, wherein 
the jack-up mode decreases a control gain for the con 
trol over the posture of the vehicle body to a greater 
degree than the ordinary control mode. 

3. A suspension system as clained in claim 2, further 
comprising inner pressure regulating means for regulat 
ing an inner pressure within each of the cylinders to a 
predetermined minimum pressure or lower by restrict 
ing the posture control of the vehicle body; 

wherein the predetermined minimum pressure is 
changed to a larger value at the time of the jack-up 
node than at the time of the ordinary control 
mode. 

4. A suspension system as claimed in claim 2, 
wherein: 

the supply and discharge means comprises an inflow 
valve for flowing the operating liquid into each 
cylinder and a discharge valve for discharging the 
operating liquid to each cylinder; and 

if the inflow valve is fixed to an open position when 
the jacked-up state is detected by the jacked-up 
state detecting means a fail decision is inhibited. 

5. A suspension system as claimed in claim 2, further 
comprising vehicle height detecting means for detect 
ing a vehicle height at each wheel; 
wherein the posture control means controls a posture 
of the vehicle body so as to assume a predeter 
mined posture on the basis of the vehicle height 
detected by the vehicle height detecting means. 

6. A suspension system as claimed in claim 5, 
wherein: 

the posture of the vehicle body to be assumed on the 
basis of the vehicle height detecting means con 
prises a bounce posture, a pitching posture and a 
roll posture; 

the posture control means comprises first control 
means for controlling the bounce posture so as to 
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reach a predetermined target vehicle height, sec 
ond control means for suppressing the pitching 
posture and third control means for controlling the 
roll posture so as to reach a predetermined target 
roll; and 

the jack-up mode decreases a control gain for each of 
the first control means, the second control means 
and the third control means to a greater degree 
than the ordinary control mode. 

7. A suspension system as claimed in claim 6, further 
comprising vehicle-height displacement-speed detect 
ing means for detecting a speed of displacement of the 
vehicle height at each wheel; 
wherein the posture control means further controls so 

as to suppress the speed of displacement of the 
vehicle height detected by the vehicle-height dis 
placement-speed detecting means. 

8. A suspension system as claimed in claim 7, 
wherein: 
two kinds of speeds of displacement consisting of a 

speed of displacement in a pitching direction and a 
speed of displacement in a roll direction are deter 
mined on the basis of the speed of displacement of 
the vehicle height detected by the vehicle height 
detecting means; and 

the posture control means further comprises fourth 
control means for suppressing the speed of dis 
placement in the pitching direction and fifth con 
trol means for suppressing the speed of displace 
ment in the roll direction. 

9. A suspension system as claimed in claim 6, further 
comprising a plurality of acceleration detecting means 
for detecting vertical acceleration acting upon the vehi 
cle body; and 

the posture control means further suppresses the ver 
tical acceleration detected by the acceleration de 
tecting means. 

10. A suspension system as claimed in claim 9, 
wherein: 

three kinds of vertical acceleration consisting of ac 
celeration in a bounce direction, acceleration in a 
pitching direction and acceleration in a roll direc 
tion are determined on the basis of the vertical 
acceleration detected by the acceleration detecting 
means; and 

the posture control means further comprises sixth 
control means for suppressing the acceleration in 
the bounce direction, seventh control means for 
suppressing the acceleration in the pitching direc 
tion, and eighth control means for suppressing the 
acceleration in the roll direction. 

11. A suspension system as claimed in claim 2, 
wherein: 

the posture control means suppresses a warp to be 
caused between a front portion and a rear portion 
of the vehicle body; and 

the jack-up mode decreases a control gain for control 
for suppressing the warp by the posture control 
means to a greater degree than the ordinary control 
mode. 

12. A suspension system as claimed in claim 2, 
wherein: 

vehicle height detecting means for detecting a vehi 
cle height at each wheel; 

displacement-speed detecting means for detecting a 
speed of displacement of the vehicle height at each 
wheel; 
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16 
a plurality of acceleration detecting means for detect 

ing each vertical acceleration acting upon the vehi 
cle body; 

warping force detecting means for detecting a warp 
ing force acting between a front portion and a rear 
portion of the vehicle body; 

first posture determining means for determining a 
bounce posture, a pitching posture and a roll pos 
ture of the vehicle body on the basis of the vehicle 
height detected by the vehicle height detecting 
means; 

second posture determining means for determining a 
speed of displacement in a pitching direction and a 
speed of displacement in a roll direction on the 
basis of the speed of displacement detected by the 
displacement-speed detecting means; and 

third posture determining means for determining 
acceleration of the vehicle body in a bounce direc 
tion, acceleration thereof in the pitching direction, 
and acceleration thereof in the roll direction, on the 
basis of acceleration detected by one of said accel 
eration detecting means; 

wherein the posture control means comprises: 
first control means for controlling the bounce pos 

ture so as to assume a predetermined target vehi 
cle height; 

second control means for suppressing the pitching 
posture; 

third control means for controlling the roll posture 
so as to reach a predetermined target roll; 

fourth control means for suppressing the speed of 
displacement in the pitching direction; 

fifth control means for suppressing the speed of 
displacement in the roll direction; 

sixth control means for suppressing the accelera 
tion in the bounce direction; 

seventh control means for suppressing the acceler 
ation in the pitching direction; 

eighth control means for suppressing the accelera 
tion in the roll direction; and 

ninth control means for suppressing the warping 
force. 

13. A suspension system as claimed in claim 12, 
wherein control gains for the first control means, the 
second control means, the third control means and the 
ninth control means are decreased at the time of the 
jack-up mode to a greater degree than at the time of the 
ordinary control mode. 

14. A suspension system as claimed in claim 1, 
wherein the jacked-up state detecting means determines 
the jacked-up state when at least a vehicle speed is zero 
and a parking brake is operating. 

15. A suspension system as claimed in claim 1, 
wherein the jacked-up state detecting means determines . 
the jacked-up state when at least a vehicle speed is zero 
and in ignition switch is turned on. 

16. A suspension system as claimed in claim 15, 
wherein the jacked-up state detecting means determines 
the jacked-up state when a condition is further satisfied 
that all wheels are rebounding. 

17. A suspension system as claimed in claim 16, 
wherein the jacked-up state detecting means determines 
the jacked-up state when the condition is further satis 
fied that all wheels are rebounding, after a predeter 
mined time period is elapsed after the ignition switch 
has been turned on and the vehicle speed has turned to 
ZeO. 
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18. A suspension system as claimed in claim 16, 
wherein the jacked-up state detecting means determines 
the jacked-up state when the condition is further satis 
fied that all wheels are rebounding in a state that a 
parking brake is operating. 

19. A suspension system as claimed in claim 15, 
wherein the jacked-up state detecting means determines 
the jacked-up state when the condition is further satis 
fied that all wheels are rebounding in a state that an 
inner pressure for all the cylinders is decreasing. 

20. A suspension system as claimed in clain 19, 
wherein the jacked-up state detecting means determines 
the jacked-up state when the condition is further satis 
fied that the inner pressure for all the cylinders is de 
creasing after a predetermined time period is elapsed 
after the ignition switch has been turned on and the 
vehicle speed has turned to zero. 

21. A suspension system as claimed in claim 19, 
wherein the jacked-up state detecting means determines 
the jacked-up state when the condition is further satis 
fied that the inner pressure for all the cylinders is de 
creasing in a state that a parking brake is operating. 
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22. A suspension system as claimed in claim 1, 

wherein the jacked-up state detecting means determines 
the jacked-up state when at least all wheels are rebound 
ing. 

23. A suspension system as claimed in claim 1, 
wherein the jacked-up state detecting means determines 
the jacked-up state when at least an inner pressure 
within all cylinders is decreasing. 

24. A suspension system as claimed in claim 1, 
wherein each cylinder has one liquid pressure chamber 
defined within its inside to which and from which the 
operating liquid is supplied and discharged. 

25. A suspension system as claimed in claim 24, 
wherein a gas spring is connected to the liquid pressure 
chamber of each cylinder. 

26. A suspension system as claimed in claim 1, 
wherein: 

the supply and discharge means comprises an inflow 
valve and a discharge valve, each being of a flow 
rate control type; and 

the posture control means generates a signal indica 
tive of a flow rate to the inflow valve and a flow 
rate to the discharge valve. 

k : sk 


